Eighteen out of 45 children were reported to have a respiratory illness during an outbreak at a temporary dormitory in a nursery school in China in 2011. To study the outbreak and to determine the risk factors for infection, an epidemiological investigation was performed. A standardized questionnaire was completed for a total of 45 children with the help of their guardians and parents. In addition, acute-and convalescent-phase serum samples and throat swabs from the children were taken for laboratory diagnosis. The diagnosis of a Mycoplasma-like illness was based on the following clinical criteria. The criteria were onset of illness after 31 May 2011, characterized by a cough, fever(>37.5°C), or at least 3 of the following symptoms: fever, sore throat, cough or expectoration, and runny or stuffy nose. PCR-restriction fragment length polymorphism (PCR-RFLP), determination of MICs, and sequencing were performed to determine the genotype, antibiotic resistance, and sequence polymorphisms of the isolated strains, respectively. The paired sera revealed that 15 patients were infected with Mycoplasma pneumoniae. Epidemiology confirmed that this was a point source outbreak, characterized by a short incubation period, a high secondary attack rate, and a long period of hospitalization. PCR-RFLP analysis revealed that the 12 isolated strains of M. pneumoniae shared the same subtype P1 gene, and 23S rRNA sequence analysis showed that these strains harbored two macrolide-resistant gene-related point mutations at position 2063 and 2617. In this outbreak, the major risk factor was the distance between the bed of the first patient and the beds of close contacts (beds less than three meters apart). The strains isolated in this study were found to harbor two point mutations conferring macrolide resistance, indicating the importance of pathogen and drug resistance surveillance systems.
M
ycoplasma pneumoniae is a common cause of acute respiratory tract infections, especially in school-age children. Although some infections can be fatal, most cases attributed to this bacterium are relatively mild, and pneumonia caused by Mycoplasma rarely results in hospitalization (4, 15) . Outbreaks can occur in closed surroundings, such as military camps and schools (9) . We investigated an outbreak of acute respiratory disease that occurred in a nursery school in Beijing, China, in the summer of 2011. The analysis of paired serum and swab cultures indicated that the outbreak was caused by M. pneumoniae infection. Furthermore, PCR-restriction fragment length polymorphism (PCR-RFLP) analysis and sequence analysis showed that the M. pneumoniae strain responsible for the outbreak was a subtype 1 strain, harboring point mutations at positions 2063 and 2617, as first detected in China.
MATERIALS AND METHODS
A total of 45 children were included in this study. Approval for the study was obtained from the ethics committee of the Institute of Disease Control and Prevention, Academy of Military Medical Sciences, according to the medical research regulations of the Ministry of Health, China. The informed consent of all participants was obtained prior to enrollment. We defined Mycoplasma-like illness (MLI) as a combination of the following symptoms: fever (Ͼ37.5°C), sore throat, cough, and expectoration; we included those patients that visited the pediatric clinic between 31 May to 31 June 2011, for a respiratory condition. The roommates who had played with a child who developed MLI for over half an hour in 1 day and/or whose beds were located less than three meters from the bed of the first patient in the dormitory to fall ill were defined as close contacts in this outbreak. Controls were defined as the children without any respiratory tract symptoms in this nursery school. Based on the questionnaire completed by the guardians and parents of the children, a case control study was conducted to further investigate potential risk factors. Data entry and Fisher's exact test were performed with EpiInfo (version 3.4.1; Centers for Disease Control and Prevention, Atlanta, GA).
Acute-phase and convalescent-phase blood specimens were obtained from the children visiting the clinic with a respiratory illness on or after 31 May 2001, which was the date the first patient was hospitalized, and were followed up after 4 weeks. Serological testing for M. pneumoniae-specific IgM was performed using an enzyme immunoassay (EIA) kit (Remel, Lenexa, KS) (1), and Legionella (18), parainfluenza virus (7), and respiratory syncytial virus (7) were also tested for by standard methods (3) .
To identify these cases whether they were infected by the same source of infection, the strains of M. pneumoniae in this outbreak were classified by PCR-RFLP. Twelve strains of M. pneumoniae were isolated and cultured in PPLO (pleuropneumonialike organism) medium at 37°C, and DNA was then isolated using the QIAamp DNA minikit (Qiagen, Hilden, Germany) according to the manufacturer's recommendations. This DNA was used for genotyping of the M. pneumoniae P1 gene by PCR-RFLP (13) . A nested PCR was used to amplify part of the RepMp2/3 element of the P1 gene of M. pneumoniae, and a 401-bp region was sequenced and compared to the published P1 sequences of M. pneumoniae strain M129 (subtype 1) and strain 1842 (subtype 2). Sequence analysis was performed using DNAMAN version 5.2.10 (Lynnon Corporation, USA).
The MICs of MLS (macrolide-lincosamide-streptogramin B) antibiotics were determined according to the method of the National Committee for Clinical Laboratory Standards. To detect the point mutations A2063G, A2063C, A2064G, and A2617G in domain V of the 23S rRNA gene, previously reported primers were used (10) . The DNA sequences of the obtained PCR products were compared with the sequences of M. pneumoniae strain M129 (GenBank accession no. X68422) and strain 1842 (GenBank accession no. AF290002) using BLAST analysis ((http: //blast.ncbi.nlm.nih.gov/Blast.cgi).
RESULTS
Forty-five children (30 boys and 15 girls) attending the same preschool completed a risk factor questionnaire with the assistance of their parents and guardians. Because some classrooms in the nursery school were being renovated, 45 children in one class were moved to a temporary room, which was a semiclosed setting at the north end of the building, on 10 May 2011. The first child developed acute respiratory disease on 24 May 2011 and continued to attend school for 2 days. This child, who had a high fever (40.0°C), cough, and sore throat, received a febrifuge (such as acetaminophen and ibuprofen) but showed no improvement before being admitted to the General Hospital of Beijing Military Region, Beijing, China, on 27 May 2011. Following hospitalization of the first patient, MLI syndromes appeared one after another in 17 children. Of these 17 children, one child was admitted to the hospital with radiological evidence of pneumonia on 2 June 2011, and the other 16 children developed similar symptoms between 7 June and 12 June 2011 (Fig. 1) . The median incubation period was 15 days (range was from 9 to 19 days), and the secondary attack rate was 38.6% (17/44). All 17 patients had a fever (Ͼ38.0°C), sore throat, and expectoration. Sixteen of the patients had a cough and X-ray evidence of pneumonia, and 13 of these displayed a serious cough ( Table 1) . None of the parents or teachers of these patients exhibited similar symptoms. All of the children were treated with erythromycin (ERY), but most showed no improvement in symptoms, and they remained hospitalized up to 4 weeks. All patients recovered after the use of leucomycin (stereomycin) administered three times a day by July 20. The school was closed on 7 June, and there were no other children with respiratory symptoms in this nursery school during a retrospective investigation in August and September 2011. Further investigations showed that the most affected children had shared a dormitory with the first patient. The 45 children slept in proximity to each other. The bed belonging to the first patient was located at the center of the dormitory, and the distance between the first patient's bed and the beds of the other 17 patients were less than three meters. The other 27 children whose beds were located more than three meters from the bed of the first patient remained healthy during the outbreak. By comparing the healthy children with the sick children, we were able to determine that close contact with the first patient was the most important risk factor for MLI in this outbreak, and statistical analysis showed a significant difference between these two groups (odds ratio [OR], 14.86; 95% confidence interval [95% CI], 1.61 to 343.77; P Ͻ 0.05) ( Table 2) .
Furthermore, these 45 children, including 18 patients in the nursery school, resided in a temporary and small room which was a semiclosed setting at the north end of the building. The 45 children were crowded together, and their beds were located in close proximity. The humid environment and poor ventilation conditions in this room were noted. Thus, we suppose that poor ventilation also contributed to this outbreak. After some children were hospitalized, the nursery school was closed and the classroom and dormitory were disinfected with UV light for about 30 min every day until June 20.
Of the 18 children displaying MLI syndrome, 15 (83%) were serologically positive for M. pneumoniae, which was defined as a Ͼ4-fold increase in the antibody titers between the acute-and convalescent-phase serum samples. The other three children showed a high titer of antibodies of Ն1,280 in their acute-phase serum samples (Table 1) . Only 12 strains of M. pneumoniae were isolated from throat swabs of 15 patients whose paired serum samples tested positive. None of the children tested positive for Legionella, parainfluenza virus, or respiratory syncytial virus.
From PCR-RFLP analysis, the 12 strains of M. pneumoniae isolated from throat swabs of 15 patients whose sera tested positive were found to share the same subtype of P1 gene (Fig. 2) . Sequencing of the nested PCR products of the RepMp2/3 element of the P1 gene revealed that the 12 isolates from the outbreak showed the highest level of sequence similarity with M. pneumoniae strain M129 (subtype 1, GenBank accession number M18639; similarity of 99 to 100% [the sequences of 5 strains were 99% similar, and the sequences of 7 strains were 100% identical]), and that these sequences were different from that of strain 1842 (subtype 2, GenBank accession number AF290002; similarity of 89%). These results indicated that the strain of M. pneumoniae associated with the outbreak could be assigned to subtype 1. All 12 strains of M. pneumoniae showed resistance to macrolide antibiotics. The in vitro activities of the MLS antibiotics against the macrolide-resistant clinical isolates of M. pneumoniae were as follows: Ͼ256 g/ml for erythromycin (ERY), Ͼ256 g/ml for clarithromycin (CLR), Ͼ256 g/ml for lincomycin (LCM), Ͼ256 g/ml for oleandomycin (OL), and 64 g/ml for azithromycin (AZM). The results of nucleotide sequence analysis of the domain V region of the 23S rRNA gene showed that the strains harbored two point mutations of A to G and C to G at positions 2063 and 2617, respectively.
DISCUSSION
The highest incidence rates of pneumonia caused by M. pneumoniae are among children from 5 to 9 years old, and children show a higher infection rate with this bacterium than adults. M. pneumoniae accounts for a low proportion of all cases of pneumonia in children in the United States (5). High rates of transmission have been documented in families in the United States, with a high proportion of secondary cases involving lower respiratory tract infections (2) . In a study of community spread, transmission of M. pneumoniae within schools was relatively low compared with the spread of this bacterium within families and infections among neighborhood playmates in the United States (6) . Although outbreaks of M. pneumoniae in China have been reported (8, 11, 14) , this is the first report of a point source outbreak caused by a rare macrolide-resistant strain of M. pneumoniae in China, and this outbreak attracted great attention from local government and public health departments.
In this outbreak, the risk of infection in the 30 patients who had close contact with the first patient was 7.47 times higher than that of the other 14 healthy children in the same temporary classroom and similar respiratory tract symptoms, showing that this outbreak was a point source outbreak. The time (9 to 19 days) between the onset of illness in the first child and the appearance of MLI symptoms in the rest of the small cluster of children supports this conclusion. The median incubation period (15 days) was shorter than that of a previous report, which was reported to be about 3 weeks (5). The high secondary attack rate (38.6%) and the fact that no family members were infected during this outbreak indicated that children in the school were more susceptible to infection than other family members during the M. pneumoniae outbreak. In addition, the poor ventilation in the temporary classroom and the close contact among these children, whose beds were located within 3 meters of each other, may have promoted this outbreak. Increasing the distances between the beds may decrease the spread of infections by respiratory droplets (12) , but in this outbreak the school was closed when some children were hospitalized, so the effectiveness of this measure is not known. This highlights the importance of suitable environmental and sanitation conditions for the prevention and control of respiratory tract infectious disease outbreaks.
In this outbreak, the severe clinical symptoms, the long period of hospitalization of all patients, and the macrolide-resistant phenotype of the infective strain suggested that the outbreak strain may have mutated. The isolated strains were therefore analyzed by PCR-RFLP, and the P1 gene was sequenced in each case. The results showed that the 12 isolated strains were all of the same type (subtype 1) and were macrolide resistant, a result that differed from a previous report (16) . We also confirmed transversions of C to G and A to G at positions 2617 and 2063 in domain V of the P1 gene in all 12 clinical isolates, which again differed from the point mutations at positions 2063 and 2064 reported previously (15) . The strain isolated in this study therefore harbored a rare point mutation conferring macrolide resistance, and these findings warrant close attention by the Chinese government. It is of utmost importance that pathogen and drug resistance surveillance systems are established to prevent and control such mutated strains of M. pneumoniae from causing future outbreaks or epidemics in China.
